Background and Purpose-The purpose of this study was to investigate the association between occupational social class and stroke incidence and the extent to which classical, lifestyle, and psychosocial risk factors may explain such relationships. Methods-A prospective population study was conducted of 22 488 men and women aged 39 to 79 years living in the general community in Norfolk, UK, recruited in 1993 to 1997 and followed up for stroke incidence to 2007. Results-An inverse relationship was observed between social class and stroke incidence with an age-and sex-adjusted hazard ratio for social Class V compared with I of 2.62 (95% CI, 1.63 to 4.22; Pϭ0.001). Adjusting for classical (systolic blood pressure, total blood cholesterol, smoking, history of diabetes, and body mass index), lifestyle (plasma vitamin C levels, alcohol intake, and physical activity), and psychosocial (5-item version of the Mental Health Inventory) risk factors had little effect, and a socioeconomic differential was still apparent: hazard ratio for social Class V compared with I of 2.55 (95% CI, 1.34 to 4.85, Pϭ0.004 for comparison of V to I). Conclusions-Stroke incidence increased with lower social class in both men and women. Adjustment for a comprehensive range of classical, lifestyle, and psychosocial risk factors did not explain the socioeconomic differential in stroke incidence. If we are to reduce inequalities in health, further understanding of the mechanisms underlying the association is needed.
S
troke is the third biggest cause of death in the United Kingdom and the largest single cause of severe disability. 1,2 A number of studies using different designs and different indicators of socioeconomic status (SES) has shown that the incidence of stroke increases with lower SES. [3] [4] [5] [6] [7] Reducing inequalities in health is a major public health challenge. However, to implement effective intervention strategies, a better understanding of the mechanisms through which SES influences stroke risk is needed. The socioeconomic gradient in stroke is reduced after adjusting for conventional stroke risk factors, 3, 5, 8 but a significant excess risk of stroke in lower socioeconomic classes still remains. 3,8 -11 Other unmeasured risk factors may explain some of the differential; for example, some studies suggest that psychosocial factors such as sense of coherence or psychological distress may be important risk factors for stroke. 12, 13 We wanted to explore further the relationship between SES and stroke risk in a prospective population study in which a large number of potentially explanatory factors were available to help our understanding of the pathways through which SES may affect stroke risk.
We have previously examined the relation between social class and cardiovascular disease incidence in a cohort of men and women; some, but not all of the socioeconomic differential was explained by potentially modifiable risk factors. 14 We now extend this to examine the relationship between social class and stroke incidence adjusting for a more comprehensive range of risk factors. These include classical stroke risk factors (body mass index [BMI] , smoking status, diabetes mellitus, systolic blood pressure and cholesterol levels), lifestyle risk factors (plasma vitamin C levels, alcohol consumption, and physical activity levels), and psychosocial factors assessed using a 5-item version of the Mental Health Inventory (MHI-5) that we have previously shown predicts stroke. 13 
Methods

Participants
The participants were from a prospective population study of men and women aged 39 to 79 years, 99.5% white (as self-defined on questionnaire), residing in Norfolk, United Kingdom, which encompasses a wide socioeconomic and urban-rural distribution. General practice age-sex registers were used to recruit the cohort between 1993 to 1997 as part of the European Prospective Investigation of Cancer; because virtually 100% of people in the United Kingdom are registered with general practitioners through the National Health Service, the age-sex registers form a population-based sampling frame. All eligible individuals in the age range were invited to participate. Details of the study methodology have been reported previously. 15 Approval for the study was obtained from the Norfolk Local Research Ethics Committee. Altogether, 77 630 individuals were invited, and 30 445 participants gave signed informed consent and completed a detailed health and lifestyle questionnaire. Of these, 25 639 agreed to attend a health examination. We excluded 570 participants with no details of their last occupation and 2366 who reported prevalent heart attack, stroke, and cancer at baseline. A further 215 participants with missing data for the covariates BMI and smoking were also excluded, leaving a total of 22 488 men and women in the current analyses.
Measurements
Social class was classified according to the Registrar General's occupation-based classification scheme. 16, 17 Social Class I consists of professionals (eg, doctors and lawyers), Class II includes managerial and technical occupations, Class III is subdivided into nonmanual and manual skilled workers (IIInm and IIIm), Class IV consists of partly skilled workers, and Class V comprises unskilled manual workers (the detailed classification is described elsewhere 17 ). For men, social class was coded using their current occupation at the time of survey except when they were unemployed in which case their partner's social class was used. Unemployed men without partners were unclassified. Last employment was used for men who were retired. Social class in women was based on their partner's except when the partner's social class was unclassified, missing, or they had no partner in which case social class was based on their own occupation. An unemployed woman without a partner was coded as unclassified.
Educational status was based on the highest qualification attained and was categorized into 4 groups: degree or equivalent, A-level or equivalent, O-level or equivalent, and less than O-level or no qualifications. O-level indicates educational attainment to the equivalent of completion of schooling to the age of 16 years and A-level to 18 years. For descriptive purposes, educational status was also grouped into those who finished school (degree or equivalent, A-level or equivalent, O-level or equivalent) and those who did not (less than O-level or no qualifications).
Personal medical history was assessed using the question in the Health and Lifestyle Questionnaire, "Has the doctor ever told you that you have any of the following?" followed by a checklist of diseases, including myocardial infarction, stroke, cancer, and diabetes mellitus. Smoking history was derived from yes-no responses to the questions: "Have you ever smoked as much as one cigarette a day for as long as a year?" and "Do you smoke cigarettes now?" 18 Height and weight were measured by trained nurses using standardized machines with participants dressed in light clothing with their shoes removed. 18 BMI was calculated as weight (kg)/height 2 (m 2 ). Blood pressure was recorded as the mean of 2 measurements taken in the right arm with the subject seated for 5 minutes using an Accutorr sphygmomanometer (Datascope, Huntingdon, UK).
Blood samples were obtained by trained nurses using standard protocols. Plasma was stabilized in a standardized volume of metaphosphoric acid stored at Ϫ70°C. Plasma vitamin C concentrations were estimated using a fluorometric assay within 1 week of sampling as described previously. 19, 20 Total cholesterol concentrations in nonfasted serum samples were measured by colorimetry (RA 100; Bayer Diagnostics, Basingstoke, UK).
Habitual physical activity was assessed using 2 questions referring to usual physical activity at work, and physical activity outside work, during the past year. A simple index allocated individuals to 4 ordered categories: inactive (sedentary job and no recreational activity); moderately inactive (sedentary job with Ͻ0.5 hour recreational activity per day or standing job with no recreational activity); moderately active (sedentary job with 0.5 to 1 hour recreational activity per day or standing job with Ͻ0.5 hour recreational activity per day or physical job with no recreational activity); and active (sedentary job with Ͼ1 hour recreational activity per day or standing job with Ͼ1 hour recreational activity per day or physical job with at least some recreational activity or heavy manual job). This index was validated against heart rate monitoring with individual calibration in independent studies. 21, 22 We have also previously reported that this index is inversely related to all-cause mortality and cardiovascular disease incidence in the European Prospective Investigation into Cancer in Norfolk (EPIC-Norfolk) population in men and women across a wide age and social class range. 23 Alcohol consumption was derived from a food frequency questionnaire collected at the baseline clinic visit. Under the "drinks" category, 9 responses ranging from never to Ͼ6 times per day were given for 4 types of alcoholic drink; participants were asked to tick each category based on their average alcohol consumption in the previous year. Average alcohol consumption in units/week was calculated. 24, 25 In this study, alcohol consumption was grouped as nondrinkers, people who drink 1 to 13.9 U/week, and people who consume Ն14 U/week.
During 1996 to 2000, 20 921 individuals completed a Health and Life Experiences Questionnaire. The Health and Life Experiences Questionnaire is an assessment of psychosocial circumstances that included a 5-item version of the MHI with one or more items representing anxiety, depression, loss of behavioral/emotional control, and psychological well-being during the past 4 weeks as part of a validated generic measure of subjective health status, the anglicized version of the Short Form 36. 13, 26 The MHI-5 was originally developed as a measure of well-being and psychological distress, but has also been shown to be an effective measure of depression severity. 13 MHI-5 score was also coded as a categorical variable in quintiles, with score ranges 0 to 63, 64 to 75, 76 to 83, 84 to 91, and 92 to 100. A decrease in MHI-5 score represents increased psychological distress.
End Point Ascertainment
Incident stroke cases were defined using death certificate data and hospital record linkage. All individuals have been flagged for death at the UK Office of National Statistics, which is virtually complete. Death certificates are coded by trained nosologists using International Classification of Diseases, Revisions 9 and 10. Participants are also linked to hospital information systems so that hospital admissions anywhere in the United Kingdom are reported to EPIC-Norfolk through routine annual record linkage. Incident stroke was defined as death with International Classification of Diseases, 9th Revision codes 430 to 438 or International Classification of Diseases, 10th Revision codes I60 to I69 anywhere on the death certificate and/or hospital admission with the same codes. For the purpose of this study, follow-up for an individual began at the date of the first health check. Results are presented for incidence up to March 31, 2007 , approximately about 10 years average follow-up time.
Statistical Analysis
Statistical analyses were performed separately for men and women using Stata 10.0. Descriptive statistics, including means and percentages, are used to show the characteristics of the study sample by stroke incidence and by social class. Two-sample t tests were used to compare differences in mean values; differences in percentages were compared using 2 tests. Mortality rates by social class were calculated. The relationship between social class and stroke incidence was examined using Cox proportional hazards regression. 27 Initial models were adjusted for age. Subsequently, classical (BMI, smoking, history of diabetes, systolic blood pressure, and total blood cholesterol), lifestyle (plasma vitamin C levels, weekly alcohol intake, and physical activity) and psychosocial (MHI-5) risk factors were added. Final models were adjusted for all factors and for educational level.
Results
There were 683 incident strokes during the follow-up period (244 407 person-years); 48.5% of these were fatal (main cause of death).
Descriptive characteristics of the cohort at baseline survey by stroke incidence are shown in Table 1 . Similar patterns were seen in men and women. Stroke cases were older, had higher blood pressure and cholesterol levels, lower plasma vitamin C levels, and were more likely to be diabetic. A greater proportion was from lower social classes, had no educational qualifications, and was physically inactive. A greater proportion of male stroke cases were former or current smokers. Female stroke cases had slightly higher BMIs and drank slightly less alcohol per week than noncases. Mean MHI-5 scores were similar between cases and noncases. Tables 2 and 3 shows the descriptive characteristics of the cohort by social class in men and women, respectively. Similar patterns were seen in both sexes. Mean alcohol intake, plasma vitamin C level, and the proportion of participants who finished school all decreased with lower social class; in women, mean MHI-5 score also decreased slightly. The proportion of current smokers increased with lower social class; there was some suggestion that mean age, BMI, and systolic blood pressure also increased with lower social class, but trends were minimal. Diabetes prevalence and total cholesterol did not vary linearly with social class. Table 4 shows the rates and hazard ratios for stroke incidence by social class in men and women adjusted for each risk factor individually. Point estimates show a social class gradient in stroke incidence in both men and women, particularly between Classes V and I; differences in Classes II, IIInm, IIIm, and IV are less marked. There was little attenuation after adjustment for classical, lifestyle, or psychosocial risk factors in men or women. Table 5 shows hazard ratios for stroke incidence by social class adjusted for multiple risk factors. Because the direction and size of the trend was similar in men and women, the data are also shown for combined sexes. The age-and sex-adjusted hazard ratio of social Class V compared with I was 2.62 (95% CI, 1.63 to 4.22; Pϭ0.001). Adjustment for classical, lifestyle, and psychosocial risk factors had little effect on the socioeconomic gradient in stroke incidence, and a socioeconomic differential was still apparent; hazard ratio of social Class V compared with I was 2.55 (95% CI, 1.34 to 4.85; Pϭ0.004 for comparison of V to I). In sex-stratified analyses, adjusting for risk factors had little effect in men. In women, there was some attenuation, but there was still a residual socioeconomic differential.
Retirement
Because social class is a measure based on occupation, it would be of interest if it still had an effect on stroke risk among those aged Ն65 years, the majority of whom would have retired. Further stratification by retirement age showed similar trends in men and women both younger than and Ͼ65 years of age, although with the small number of events, there was limited power to show differences (results not shown).
Discussion
In this longitudinal study of middle-aged and older men and women from the United Kingdom, we confirm the existence of a socioeconomic gradient in stroke incidence. Stroke incidence increased with lower social class in both men and women.
Estimates of the amount of the gradient that can be accounted for by variations in risk factor levels vary. In some studies, a large proportion of the gradient is explained by risk factors; for example, in the Renfrew and Paisley study, hazard ratios were reduced to nonsignificance after adjustment for risk factors in all groups except women in the most deprived areas. 5 In the British Regional Heart Study, approximately half of the increased risk of stroke in manual classes was explained by risk factors, and the difference after adjustment was no longer significant. 28 In a study of middle-aged Swedish women, 7 most of the gradient was explained by risk factors, smoking and alcohol in particular, but not by psychosocial factors.
Other studies report that risk factors do not appear to explain the socioeconomic gradient in stroke. For example, in an elderly US cohort, 3 although conventional risk factors such as smoking were strong predictors of stroke, they did not explain socioeconomic disparities, and only less conventional factors such as depression, social networks, and cognitive/ physical functioning contributed to explaining the gradient. In The Netherlands, the strong association found between SES and stroke in elderly women was only partially explained by risk factors. 11 In the current study, neither classical, lifestyle, nor psychosocial risk factors appeared to explain the socioeconomic differential in stroke incidence despite socioeconomic differentials in most of these risk factors. In men, there was very little attenuation after adjustment for risk factors either individually or in combination, and a socioeconomic differential in stroke incidence remained. In women, some attenuation of the socioeconomic differential was seen after adjustment for risk factors, particularly after adjustment for a combination of lifestyle factors, plasma vitamin C, alcohol consumption, and physical activity; however, there was still a residual association.
In this study, although there was a marked difference in stroke risk between the social Classes I and V, the differences in Classes II, IIInm, IIIm, and IV were less marked. In this cohort, the differences in established risk factors BMI and, in particular, systolic blood pressure were less than reported elsewhere. It is possible that in more rural Norfolk, the socioeconomic differential seen may reflect less variation in lifestyles such as diet and physical activity than in more urban environments, which may explain the lack of attenuation in this study. We cannot exclude the effects of residual con- founding by known or unknown risk factors. Although we examined a comprehensive range of risk factors, these were only measured at one time point, potentially resulting in residual confounding. There may also be additional unmeasured factors contributing to the gradient. Current social class is strongly related to childhood and parental social class and may well also reflect early life influences. There is some evidence that adverse socioeconomic conditions in childhood are associated with an increased risk of stroke, 29 although this is not consistent. 30 The fetal origins hypothesis proposes that diseases such as stroke may originate through responses to undernutrition in utero. Known indicators of poor maternal nutrition and poor growth in utero such as low birthweight and short birth length have been linked to blood pressure and stroke occurrence in adult life. 30, 31 
Strengths and Limitations
The strengths of this large community-based population study include a prospective design, virtually complete determination of end points through death certification and hospital record linkage for all study participants, availability of data for men and for women, and the ability to adjust for a large number of known biological, lifestyle, and psychosocial risk factors for stroke.
There are a number of limitations to this study. Prevalent severe illness such as coronary heart disease, stroke, or cancer is associated with a higher risk of mortality and may also cause a downward drift in social class or individuals may be less likely to be upwardly mobile. Although individuals with medical conditions that could potentially have confounded the relationship between SES and stroke incidence were excluded from the analyses, we cannot exclude the possible effect of reverse causality that may explain some of the association.
The response rate for EPIC-Norfolk was quite low at approximately 45%, 32 because participants needed to be willing to complete detailed questionnaires and attend health checks. Thus, selection bias may be a problem if nonresponse was associated with social class or with stroke health status given a certain social class. It is possible that we may have selected a health-conscious study cohort, particularly in the lower social classes, and truncation of the distribution is likely to lead to some attenuation of the socioeconomic differential in our results. However, the range of socioeconomic circumstances of the participants was wide 16, 33 ; and in terms of anthropometric variables, serum lipids and blood pressure 15 and of physical and mental functional health, 34 the cohort was similar to the general resident population in the United Kingdom, although there were fewer current smokers. Selection of a more health-conscious cohort would mean that the external generalizability of the study results may be affected, but the internal validity of the study results should not be affected. Excluding those with unclassified or missing data for SES or stroke incidence could cause bias, but only if these people differed from those included in the study with respect to the relation between SES and morbidity, which seems unlikely.
Mortality and morbidity were ascertained using a regular record linkage system with national deaths registration. Although record linkage is frequently used, less severe stroke end points may have been underascertained because healthcare systems vary in their use of inpatient services for the assessment and treatment of patients with stroke; this is perhaps likely to vary most for less severe stroke. 35 We were also unable to accurately distinguish between stroke types. Previous research indicates the effect of SES may vary between ischemic and hemorrhagic stroke with a stronger gradient for ischemic stroke 7 ; ideally, future research should assess the association by subtype.
Occupation details were obtained at the baseline survey. Some degree of inaccuracy in reporting or recording this information is inevitable; however, it seems unlikely that misclassifications would be nonrandom, and normally random measurement error is likely only to attenuate any relationships, not produce spurious relationships. Some controversy exists over whether a woman's social class should be graded using her own occupation or that of her husband. 36, 37 Arguments for grading according to a woman's own occupation are that her earnings may influence the household standard of living or her job may expose her to health hazards. However, in middle-aged and elderly women, like those in the EPIC-Norfolk cohort, a much lower proportion of women had a full-time occupation outside the home, and we believe husband's social class could provide a more accurate representation of a woman's standard of living. When the 2 classifications were compared in a cohort of elderly British women, little difference in the strength of the association between social class and health was found. 36 A weaker socioeconomic mortality gradient in women is consistent with much of the literature. 38 Although we examined how far a number of classical, lifestyle, and psychosocial risk factors might account for some of the socioeconomic differential, we did not examine the roles of all potential factors such as risk factors earlier in life as previously discussed. Although we adjusted for education, another indicator of SES, we were not able to adjust for household income. Single measurements of risk factors may also be poor proxies for lifetime exposure, which may contribute to the residual socioeconomic association.
Conclusions
In this cohort, stroke incidence increased with lower social class in both men and women. Adjustment for a comprehensive range of classical, lifestyle, and psychosocial risk factors did not explain the socioeconomic differential in stroke incidence. If we are to reduce inequalities in health, further understanding of the mechanisms underlying the association is needed.
